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DECISION MAKING IN 
WILDLIFE MANAGEMENT 
SHAWN J. RILEY AND ROBIN S. GREGORY 
Stop for a moment and think about any issue in wildlife man-
agement- about any other issue in your life for that matter. 
The issue might be as simple as selecting the type of boat you 
will need on a waterfowl refuge in the Midwest, or it may be 
as complex as multi-stakeholder deliberations about human-
wild boar conflicts in suburban Berlin, Germany What deter-
mines whether these situations are problems or opportunities? 
What can a w ildlife manager do about them? If anything is go-
ing to happen, someone has to make decisions. Even choosing 
to do nothing-to make no management intervention-is a 
decision. Decision making is an essential task of management, 
including wildlife management; yet few students of wildlife 
management take a course in individual or group decision 
making. 
This chapter aims to build your decision-making skills. 
It provides an overview of systematic methods for making 
decisions through the application of specific decision-aiding 
techniques. It also identifies common psychological traps 
that many people fall into when making decisions. Decision 
making in wildlife managem ent ranges from small, easily de-
scribed, and uncontroversial choices to those involving more 
consequential, complex situations about which reasonable 
people are likely to disagree, no matter which alternative is 
selected. 
An understanding of decision making is particularly im-
portant in wildlife management because managers typically 
are required to address choices involving different dimensions 
of environmental, sociocultural, and economic impacts, and 
they are expected to make choices when uncertainty underlies 
almost every dimension. These choices are often controversial 
and affect issues and activities about which people are pas-
sionate. People involved in decision making frequently voice 
the opinion that science "makes" good decisions. Science is 
certainly a cornerstone of good decision making in wildlife 
management, but science can only inform decisions. Science 
cannot make decisions. People make decisions based on their 
values and their interpretations of available information. 
Although most wildlife m anagers probably are not aware 
of this, the bulk of what they do every day involves making 
decisions. People are prone to do what worked well last time, 
last week, or last year. They simply react to the crisis of the 
moment. A lack of structure or rigor in decision making nor-
mally means choices are ill-defined in terms of how they are 
likely to affect the problem (the situation or context) or what 
the outcomes of various choices might be. Also left out too 
often are key concerns of stakeholders whose values might be 
affected by the decision outcomes. Researchers in psychology 
and judgment suggest there are only two ways to achieve a 
desirable outcome from a decision: follow a rigorous process 
or depend on being lucky 
8.1. FOUNDATIONS OF DECISION MAKING 
Although it is not always obvious, a method is being applied 
whenever decisions are being made. In the last chapter, you 
were introduced to a way to map the management system that 
included several steps of decision making viewed within the 
larger context of management. Here, we examine the topic of 
decisions in more detail, review some common models, and 
suggest a simple yet effective approach for making better deci-
sions. 
Wildlife managers make, or are involved with others in 
making, more than one type of decision. They face a variety 
of different decision-making contexts, each of which carries 
its own challenges, demands, and opportunities. Sometimes 
managers are asked to recommend the best alternative from 
among a set of options. At other times, managers need to de-
cide on a preferred sequence of actions, separating decisions 
into higher versus lower priority choices or decisions made 
sooner as opposed to later. Sometimes managers are asked to 
rank different alternatives or to decide whether an action is 
even within the category of things that they should be con-
cerned about (as opposed to routing the decision to someone 
or somewhere else). A prevalent question is whether a choice 
is even theirs alone to make, or whether they need to confer 
with colleagues, partners, or stakeholders and resource users. 
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Another common judgment to be made is about informa-
tion quality and whether there is enough information in hand 
to make a rational choice. Additional information may need to 
be acquired through consultation with other professionals or 
engagement with stakeholders. As pointed out in Chapter 2, 
to achieve good governance, managers increasingly are shar-
ing decision making with stakeholders rather than only with 
wildlife experts. 
Models of decision making vary with the context and the 
quality of information that is available on which to base de-
cisions. A purely rational model assumes that managers and 
stakeholders know precisely what they want, that complete 
and accurate information about the consequences of manage-
ment actions is known, and that all relevant management op-
tions have been identified. Yet this rational model neglects 
uncertainties associated with decisions as well as the limits of 
people's cognitive capabilities. Bounded rationality is the term 
proposed by Nobel Prize winner Herbert Simon to describe 
the limited applicability of a purely rational model of deci-
sion making. It assumes that not all information needed for 
a decision is known or can be known; therefore, rationality 
in a strict sense is bounded by the limits of what is knowable 
about a system, the cognitive capabilities of humans involved 
in the decision, and the time frame in which decisions must be 
made. As Simon (1990:7) wrote, "Human rational behavior is 
shaped by scissors whose two blades are the structure of task 
environments and the computational capabilities of the actor 
(decision maker)." 
More recent research on how people make decisions em-
phasizes the role of heuristics, or mental shortcuts, as part of 
judgmental processes (Kahneman and Tversky 2000). Rather 
than being purely rational individuals, as traditionally por-
trayed in management and economics texts, humans exhibit 
systematic patterns in their thinking and judgment that work 
well in some cases, yet lead to misunderstanding or bias in 
other circumstances. One example is known as the availability 
bias. People think about an event most often in terms of the 
more readily available and salient information. This, in turn, 
misleads people to overemphasize recent or sensational infor-
mation that they take in and to largely ignore normal condi-
tions. As a result, the number of moose-vehicle _accidents is 
overestimated after reading an account of a fatal crash, or the 
number of people hurt by accidents with moose is overesti-
mated after seeing pictures of a collision on the news. Another 
example of bias is overconfidence. Humans tend to overesti-
mate their confidence in our predictions about future events; 
yet most of us largely are unaware of the extent of this bias 
(Burgman 2005). The study ofheuristics and biases in decision 
making is the subject of several best-selling books ( e.g., Predict-
ably Irrational [Ariely 2008]). 
A practical model of decision making was proposed long 
ago by Lindblom (1959) in his paper titled "The science of 
muddling through." Lindblom proposed that although the 
literature on decision making promoted and formalized a 
purely rational approach, in practice (for many of the reasons 
already identified) it is virtually impossible for managers to 
achieve a rational approach in complex situations. Instead, 
Lindblom proposed a description of the process known as "in-
crementalism" for making decisions and formulating policy. 
Incrementalism assumes that the hallmark of rational decision 
making-seeking the single best or optimal solution for a de-
cision problem-is not knowable, let alone achievable. Rather, 
incrementalism builds on clearly defined objectives to select 
and to implement alternatives such that changes in a system 
are achieved in small, incremental steps, thus leaving room for 
learning and revisions to management actions over time. Al-
though incrementalism as a mode of decision making seldom 
keeps pace with the rates of change in a management system, 
it reflects the way bureaucracies function. Later in this chapter 
you will read about new models of decision making, such as 
adaptive management, that are evolving to stay abreast with 
changing management systems. 
From a human dimensions perspective, a purely rational 
approach should be viewed with caution because the ap-
proach ignores management's inability to control the behavior 
of some people or entities whose actions will affect the out-
come of decisions, regardless of what management or other 
stakeholders choose to do. In addition, the search for the per-
fect or optimal objective and management alternative before 
making a decision frequently is a factor in delaying action, and 
in some cases (particularly when wildlife populations are low 
or threatened, or stakeholders are incurring negative impacts 
from wildlife) a delay itself carries a cost. Scientists may not 
want to proceed before additional information is collected, 
but (as discussed later) managers may prefer to proceed on the 
basis of what already is known and to carefully incorporate 
new learning into ongoing actions. 
A purely rational decision-making model may ignore how 
emotions affect decision making. Chapter 4 reviewed the role 
of emotions in social psychology, especially as an explanatory 
variable in the behaviors of stakeholders. Research in the deci-
sion sciences over the past 20 years reveals a powerful role for 
emotions in influencing decisions of all types made by all kinds 
of decision makers (Slovic et al. 2005). This research found that 
decisions generally are made using parallel but distinct ways 
of thinking. One is experiential and is based on intuition and 
beliefs; the experiential mode usually operates quickly and 
automatically. The other mode involves reasoning, operates 
more slowly, and is based on rational ways of making sense of 
information. A distinction between the two systems of think-
ing also has been explained in a number of best-selling trade 
books (e.g., Gladwell 2006). Reliance on dual modes of pro-
cessing information is used by technically trained experts as 
well as members of the lay public. Although the distinction 
does not minimize the importance of careful analysis, the dis-
tinction does imply that models that do not consider the role 
of emotions are likely to provide an inaccurate view of deci-
sion making. The result can be a decreased ability of wildlife 
managers to anticipate how emotions affect stakeholder ac-
ceptance of decisions (Peters 2006). 
8.2. STRUCTURED DECISION MODELS 
A useful response to critiques of the rational decision-making 
model is to introduce a standard for good decision making: 
a set of steps that, if followed, provide a defensible basis for 
making good decisions. Effective decision-making processes 
for wildlife managers should account for two key aspects of 
choices in wildlife management: (1) values associated with 
wildlife and wildlife management are multi-dimensional and 
arise from different interests and concerns (e.g., values exist 
about environmental, economic, and social interests and con-
cerns; see discussion of values and impacts in Chapters 1 and 
4); and (2) usually a diverse set of participants or stakeholders 
may be affected by a wildlife management decision (Gregory 
et al. 2002). 
One useful way to engage in value-based decisions is through 
structured decision-making ( or SDM), a systematic way of deci-
sion making based on theoretical work in multi-attribute util-
ity theory (Keeney and Raiffa 1993) and behavioral psychology 
(Hastie and Dawes 2001; Box 8.1). The highly readable book 
Smart Choices (Hammond et al. 1999) introduces a decision 
analytic approach as a sequence of five steps that form the ac-
ronym "PrOACT": define the Problem context, clarify Qbjec-
tives or concerns, identify treatment Alternatives, distinguish 
.Consequences in light of uncertainties, and evaluate key '.I'rade-
offs. Attending to these elements can guide you through a logi-
cal sequence of steps for an informed and defensible wildlife 
management decision-making process, serving as a useful aid to 
managers and policy makers engaged in selecting and communi-
cating choices that lead to wildlife management actions. 
8.2.1. Problem Definition 
Wildlife managers try to ensure that actions they take achieve 
a desired, or at least a more desirable, end state in the manage-
ment system-the condition of wildlife, habitat, or humans af-
ter a management intervention occurs. To determine what de-
cision may lead to a better condition, it is imperative to know 
the current conditions, to have a desired condition identified, 
and to understand how and why any particular change might 
be helpful. This first step in decision making is often described 
as problem definition, problem bounding, context analysis, 
or what we called situational analysis in the last chapter (see 
description of the Manager's Model in Chapter 7). Prior to 
taking action, managers should have a clear idea of which 
components of the ecological and human systems might be 
altered, who might be affected by the decision, and to what 
extent these changes are likely to be perceived as beneficial or 
harmful. What you call it-situational analysis, problem defi-
nition, context analysis-is less important than making sure 
you do not follow the human tendency to skip this important 
first step of effective decision making. 
The desired purpose of a situational analysis is to frame 
the decision-making situation by identifying potentially rele-
vant impacts and describing the management environment 
in which these impacts occur. You read in Chapter 3 how dif-
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ferent stakeholders are likely to frame a situation differently. A 
government wildlife agency might emphasize needs of achiev-
ing regulatory standards, such as those accompanying the En-
dangered Species Act. A local community might focus on jobs 
or restrictions in recreational opportunities. An industry might 
emphasize changes in profits or shifts in the production of 
certain goods. Conflicts in resource management frequently 
originate because of a lack of careful thought and explication 
at this initial problem definition and bounding stage. 
A chief goal of most decision makers is to attain sustainable 
decisions. Sustainable decisions are ones that hold up through 
time and gain support of stakeholders. Sustainable decision 
making depends on abilities to summarize the most important 
elements of a problem, to assemble relevant facts, and to set 
priorities among the possible outcomes of their choices. The 
Manager's Model introduced in Chapter 7 is a process for gen-
erating a concept map of the management system. Develop-
ment of a Manager's Model (Decker et al. 2011) or other device 
for articulating assumptions about the current situation and 
stating a desired future condition seeks to insure that mana-
gers are in agreement about what the problem or opportunity 
is and that everyone is working on the same core issues. If 
management processes (such as those described in Chapter 7) 
are followed, then stakeholders will play important roles at 
this early stage in identifying and obtaining data in a situ-
ational analysis as well as in defining objectives. 
8.2.2. Objective Setting 
Goals are general statements of intent about the purpose of 
management. In Chapter 2, we discussed governance as a 
framework within which wildlife management occurs as the 
act of orienting, steering, and adjusting organizations. Just as 
steering a ship in the absence of a chosen destination results 
in aimless wandering, governance and management cannot 
be effective (except by chance) without clear goals and objec-
tives (the destination!). An example is the specific goal ofbear 
management in New York, which is grounded in the five major 
goals of the overall state wildlife program (e.g., "assure that 
people are not caused to suffer from wildlife or users of wild-
life"). Goals often are established through legislation and tend 
to be vague or abstract. That is, goals provide direction but are 
generally not quantifiable, nor is there always a realistic expec-
tation that goals will be achieved. They provide guidance for 
defining a desired future condition, but leave wildlife managers 
the task of developing specific management objectives that are 
defined in sufficiently precise terms to direct and evaluate al-
ternative actions in terms of achieving desired outcomes. 
Objectives therefore describe what matters in a given situa-
tion, in terms of what might be affected with a realistic set of 
actions over a reasonable time frame. Decision-relevant ob-
jectives for any given decision situation are characterized by 
describing an object and a direction of preference (Hammond 
et al. 1999). Examples include "increasing the abundance of 
moose for viewing in a given area" or "increasing the amount 
of employment from wildlife tourism" or "minimizing the in-
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convenience of obtaining antlerless moose hunting permits." 
Usefulness of objectives is improved when they define (1) the 
direction (e.g., increase, decrease, stabilize), (2) an object (e.g., 
moose vfewing opportunity), (3) a specific location (e.g., "Up-
per Peninsula of Michigan"), (4) the extent (e.g., 10%), and 
(5) a timeframe for achieving the objective (e.g., within 5 
years). Thus, an objective stated as, "Increase moose-viewing 
recreation days in the Upper Peninsula of Michigan by ;;:10% 
withinfive years" is more informative and measurable than 
a simple objective such as, "Increase the moose population." 
Developing a set of informative and measurable objectives is 
essential because they form the basis for evaluating possible 
management interventions. Objectives formulated with the 
participation of diverse parties are more likely to be broadly 
supported and easier to implement, which results in sustain-
able decisions (Gregory 2000). Our experience suggests the 
process of formulating clear, acceptable objectives normally 
receives inadequate attention compared to its importance, al-
though numerous techniques exist for determining objectives 
(Keeney 1992). 
Two types of objectives support making smart choices. 
Fundamental objectives characterize the reason for manage-
ment in terms of desired impacts. A fundamental objective 
answers the question, "Why is management necessary?" and 
is most effective when it reflects value-based thinking through 
defining impacts of concern. For example, a fundamental 
objective of black bear management could be to improve the 
psychological well-being of a community in which negative 
human-black bear interactions are frequent events. The sec-
ond type of objective, an enabling objective, states how funda-
mental objectives will be achieved. A set of enabling objectives 
guides development and evaluation of management alterna-
tives and interventions. An enabling objective in the black bear 
example could be to raise the level of awareness about ways to 
avoid conflicts related to black bears being attracted to food 
waste in garbage in that community: 
Keeney (1992) provides a method for linking fundamen-
tal and enabling objectives through a listing of means-ends 
relationships. For each objective, participants in the decision-
making process should ask, "Why is this important in the spe-
cific situation?" The answer either will be that the objective is 
an essential reason for management (fundamental objective), 
or the objective is important because it helps attain another 
objective (means). Each fundamental objective typically will 
have several means or enabling objectives linked to it. Enabling 
objectives similarly should support one or more fundamental 
objectives. 
Consider the context of multiple objectives for a regional 
land-use planning process, involving several state and federal 
management agencies as well as local residents and resource 
users. The planning process seeks to improve economic and 
ecological objectives associated with local timber harvests as 
well as the quality of hunting experiences in local watersheds. 
One of the participants, who is an avid recreationist and oper-
ates a local lodge, believes it is important to fertilize meadows 
to encourage productivity (abundance) of moose. Clarifying 
means and ends is achieved by asking two deceptively simple 
questions: Why is productivity important? How could we 
achieve the objective of productivity? The "why question" mo-
tivates thinking about impacts to be achieved, while the "how 
question" motivates thinking about how to achieve those 
impacts. By asking these questions in tandem, the dialogue 
proceeds from the expression of means to the articulation of 
fundamental objectives: 
• You want to fertilize meadows. Why? 
• So we can increase nutrients. Why? 
• So that primary productivity is increased. Why? 
• So that moose population growth is increased. Why? 
• So that hunting experiences can be improved. Why? 
• So that greater economic return will be achieved for the 
local tourism industry. 
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At this point, the conversation stops. Economic return for the 
local tourism industry is identified as an important manage-
ment objective. When you have arrived at an objective that 
appears to be important in its own right, regardless of how it 
is achieved, then you have created a fundamental objective. 
After a fundamental objective is defined there may be other 
ways to achieve it than the very first idea suggested. In the case 
above, fertilizing meadows was suggested first; a risk at that 
point is that participants in the decision "anchor" on that sug-
gestion (that is, assign it more importance than is warranted). 
There may be other ideas (such as limiting human access) that 
might have the same desired outcome without as many side-
e:ffects. When setting objectives, remember to ask, "Why is 
that important?" in order to move from means to ends. Ask, 
"To achieve the fundamental objective what conditions or pro-
cesses have to be in place?" in order to move from fundamental 
to enabling objectives. 
8.2.3. Performance Measures 
To make objectives clearly understood and operational, it is 
helpful to develop performance measures or attributes that 
clearly express the most important and desired characteris-
tics of the outcomes from decisions. For example, stating that 
higher employment is a benefit of a proposed wildlife tourism 
initiative may be insufficient for selecting among alternatives 
because it fails to adequately describe the types of employment 
that will be provided. Will the jobs be full or part time? Will 
they be well-paid or minimum wage? Will they be temporary 
or permanent? Will they be open to local residents or likely to 
be filled by people from outside the region? Similarly, to make 
decisions accountable within a program designed to increase 
abundance of a sparse moose population, the manager needs 
to distinguish among improvements in adult survival, hunting 
opportunities for local versus non-residents, or income avail-
able to local hunting guides. Any set of performance measures 
needs to be understandable and easily communicated to stake-
holders, who should be informed about the specific outputs 
and outcomes expected to occur (Keeney and Gregory 2005). 
Performance measures used in SDM typically incorporate 
input from one of three types of measures: natural measures, 
proxy measures, and constructed measures. Natural mea-
sures are in general use and have a common interpretation 
by everyone. For example, a natural measure of an objective 
to "increase profits from wildlife tourism" could be in dollars 
gained per year. Similarly, the number of moose counted over 
a specified time period within a designated area might be a 
natural measure for the objective to "increase abundance of 
moose." Natural measures are best used whenever possible 
because they are easily understood and thus serve well to com-
municate a decision. 
There are times when it is difficult, if not impossible, to 
either find or assess a natural measure. In these cases, proxy 
measures may be helpful. A common example is using the 
number of pellet groups per hectare as a proxy for abundance 
of a moose population. A proxy for the objective of increasing 
profits from wildlife tourism might be the number of vehicles 
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traveling from 4:00 p.m. to 10:00 p.m. on Friday on a road used 
by tourists to reach a wildlife viewing area. Proxy measures, 
however, generally are less accurate and less informative than 
natural measures because proxies indirectly measure progress 
toward an objective. 
A third type of performance measure, constructed metrics, 
is used when no suitable natural measures exist, or when rel-
evance or accuracy of a proxy measure is tenuous. One ex-
ample is development of a scale to measure trust stakeholders 
have in a wildlife management agency to achieve objectives. In 
this case, a questionnaire could be developed that asks stake-
holders to indicate on a scale of 0 to 10 how much trust they 
have in an agency, where O is no trust and 10 is 100% trust in 
the agency. Another example is a scale to measure commu-
nity support for a proposed management practice. Because no 
natural scale exists to measure support, an index can be cre-
ated (e.g., 1-5 or 1-10) with each rating representing a different 
level of support. These sorts of human dimensions inquiries 
are common in wildlife management (see Chapters 9 and 10 
for how to design and implement such an inquiry). Many such 
constructed scales are in widespread use in other aspects of so-
ciety. For instance, the Gross National Product is a constructed 
economic measure, as is the Dow Jones Industrial stock aver-
age in the United States or the Apgar score used to track the 
health of newborn babies. When thoughtfully designed, con-
structed indices facilitate choices by precisely defining ways 
the objective will be evaluated. 
8.2.4. Alternatives 
Alternatives represent the range of potential management ac-
tions to achieve enabling objectives, which, in turn, are the 
necessary building blocks to achieve fundamental objectives. 
When faced with a problem (especially a familiar one), it is 
common for humans to act on the basis of habits and to turn 
quickly to familiar alternatives rather than make an effort to 
clarify or reaffirm the alternatives that will best achieve ob-
jectives (i.e., values or benefits to be achieved from wildlife 
management). Keeney (1992) characterizes this decision. er-
ror in terms of the distinction between value-focused and 
alternative-focused thinking. Every management decision can 
be an opportunity to create and to consider new alternatives. 
Options should not be limited to those believed to be easily 
available or previously developed. Linking choices of alterna-
tives back to the enabling objectives, and then rigorously ques-
tioning constraints concerned with time, money, or personnel 
help to determine whether they really apply in a given situa-
tion, and can improve the chance of achieving objectives. 
Stakeholders often have creative ideas for alternatives and 
can offer perspectives about expected impacts that may help 
managers to understand the effects of a proposed manage-
ment action (Gregory et al. 2012). The experiences of other re-
source professionals also provide valuable information about 
traits useful in evaluating candidate alternatives. Access to 
the Internet makes it relatively easy to find out what others 
have done in similar circumstances or how other professionals 
might approach a given situation. Putting effort into identify-
ing and evaluating alternatives is worthwhile because all the 
due diligence and skillful implementation in the world will not 
produce the best possible solution to a management problem 
if important alternatives are omitted from consideration. The 
key is continual analysis of any proposed intervention in terms 
of how well the actions will achieve the enabling objectives 
necessary to meet the fundamental objectives (kinds and levels 
of impacts) expressed by stakeholders. Whether the proposed 
alternatives will achieve the enabling objectives is evaluated 
by estimating their consequences. 
A state wildlife manager and a 
human dimensions specialist 
(standing) answer questions 
as an environmental council in 
Woodstock, New York, discusses 
results from a quantitative 
simulation of the consequences 
of alternative actions to manage 
problematic human-bear inter-
actions. Quantitative simulations 
are a structured decision-making 
tool that can help stakehold-
ers and managers understand 
decision trade-offs. (courtesy 
Dion Ogust) 
Unacceptable 
-2 +----~---~----.------, 
Beaver in yard Floods road Damages property Carries disease 
Context in which lethal control of beaver is acceptable 
Strata: 
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....,_ Taconic Region 
~ Beaver damage 
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Figure 8. 1. Stakeholder acceptance of lethal control of beaver (in 2002) in 
two regions of New York, and among residents throughout the state who 
previously had filed a complaint about beaver damage. 
8.2.5. Consequences 
All actions have consequences, both those intended to achieve 
enabling objectives and unintended consequences that should 
be identified and assessed before alternatives are chosen. Es-
timates of consequences resulting from each alternative-
intended, collateral, or subsequent (see Chapter 7)-are in-
formed by available data, new studies, and the judgments of 
technical specialists or stakeholders. An astute decision maker 
will remember that information about the consequences of 
actions may come from stakeholders such as residents oflocal 
communities or from knowledge holders within Native popu-
lations (indigenous or aboriginal communities). Managers 
may be particularly interested to learn about the acceptability 
of management actions from stakeholders; this learning of-
ten is achieved through human dimensions inquiry that asks 
stakeholders about how acceptable various actions are under 
different scenarios and management responses (Fig. 8.1). 
In the case of New York beaver management, stakeholder 
acceptance of lethal control is greater among stakehold-
ers who experience damage than those who do not (Siemer 
et al. 2004). These data, collected from a systematic survey 
in two regions of New York and of stakeholders throughout 
New York who previously had filed a complaint about beaver 
damage indicated that, regardless of the situation, a greater 
proportion of stakeholders who had filed complaints about 
beaver expressed greater acceptance of lethal control regard-
less of damage type or place of residence. During the study, 
2,400 people in three sub-groups or strata were contacted. 
Stratum 1 was a random sample of 900 listed households in 
portions of Rensselaer and Washington counties labeled as 
the Taconic Region. The Taconic stratum is representative of 
rural upstate areas with a low beaver density. Stratum 2 was 
a random sample of900 listed households in portions of Ful-
ton, Herkimer, Montgomery, Qneida, Saratoga, Schenectady, 
Schoharie, and Washington counties. This area was defined 
as the Mohawk Region. Beaver occupancy was estimated to 
be greater in the Mohawk Region than the Taconic Region 
during 2002. It is important to note that these study sites were 
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Researchers have found that public acceptance of lethal control of 
species (including beaver, coyote, and mountain lion) depends on how 
those species affect people (© Tomasz Kubis-Fotolia.com) 
selected to facilitate hypothesis testing, not to provide a repre-
sentation of the state as a whole. 
Stratum 3 was a statewide sample of 600 people who had 
contacted the New York Department of Environmental Con-
servation with a beaver damage complaint in 1999 or 2000. 
The complainant stratum is representative of residential 
complainants statewide. Members of this sub-group were 
selected from agency records of complaints filed in 1999 and 
2000 (the most recent years for which these data were available 
from both states). Only private residents were included in the 
complainant sample (i.e., complaints on behalf of a highway 
department, municipality, railroad, or place of business were 
excluded). This is important to note because those sources ac-
count for a substantial proportion of the total nuisance com-
plainants in New York. This is just one example ofhow human 
dimensions inquiry can help estimate the consequences of 
various decisions in wildlife management. 
Findings about consequences can usefully be summarized 
in a consequence table, which shows the agreed-upon objec-
tives or performance measures in rows and the agreed-upon 
alternatives in columns. This provides an easily communicated 
visual reference that helps to ensure that all participants have a 
common information base with which to evaluate the alterna-
tives. For example, let us turn from beaver in New York to con-
sider a wind farm proposed for a western state that is on the 
flyway used by several species of migrating birds. The number 
of turbines proposed for the site varies from a high of 200 to 
a low of 50. Impacts on songbirds and, therefore, community 
opposition are likely to be larger when turbine numbers are 
higher, even though more electricity can be generated and the 
per-kilowatt costs of a transmission line connection will be 
lower. After appropriate studies have been conducted, decision 
makers might be presented with the following consequence 
table (Table 8.1), which presents the key trade-offs facing deci-
sion makers. 
Whenever consequences are uncertain, as shown in this 
example by the anticipated range of effects for bird fatalities, 
the quality of decisions can be improved by clearly represent-
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Table 8. 1. Consequences table displaying trade-offs of three alternatives for wind development 
Objectives 
Objective 1: minimize bird deaths/ yr measured by no. of dead birds found 
(natural scale) 
Objective 2: increase local employment measured by the number of 
different jobs in the community 
Objective 3: reduce community opposition to wind development measured 
by questionnaire ( constructed scale: 5 = high conflict to o = no conflict) 
© Rafa lrusta-Fotolia.com 
ing the nature and extent of the uncertainty in a manner that 
highlights key concerns. This can be done in a variety of ways. 
A starting point is to compare the consequences of different 
management alternatives in terms of whether some are more 
uncertain or less understood than others. In the table, clarifica-
tion is shown for Objective 1 as a simple range of consequence 
values along with the best estimates of expected impacts. A 
more detailed explanation of uncertainty could include a vi-
sual presentation of the full probability distribution (showing 
the endpoints and associated levels of confidence) or, at mini-
mum, additional information such as the mean or median of 
the distribution. At times, qualitative descriptions are also used 
to communicate the uncertainty of impact estimates, although 
this typically is not recommended (at least, not without quan-
titative uncertainty estimates as well) because the interpreta-
tion of terms such as "highly unlikely" or "probable" can vary 
among individuals, which leads to misunderstandings and 
confusion. 
Different typologies of uncertainty have been developed by 
statisticians, philosophers, economists, and ecologists. From 
a practical perspective, two major sources of uncertainty are 
common to issues in wildlife management (Regan et al. 2002). 
Alt A: 200 wind turbines Alt B: 100 wind turbines Alt C: 50 wind turbines 
850 (400-2,000) 300 (150-800) 100 (50-250) 
25 15 10 
4 2 
One is epistemic uncertainty, arising as a result of a lack of 
knowledge about facts. Epistemic uncertainty arises from 
variation in the species, events of interest, environmental 
variation, measurement errors, imperfect control over human 
compliance with regulations, or uncertainty in the underlying 
models (i.e., we never have perfect models of environmental 
or human systems). The other prominent source is linguistic 
uncertainty, which arises because people fail to communicate 
precisely. Linguistic uncertainty emerges from ambiguity in 
how uncertainty is expressed (e.g., what does it mean that an 
event is "likely" to happen or that a consequence is "probably" 
not going to occur?), lack of clarity in terms that are used ( e.g., 
what is "goodhabitat" oran "unhealthy wildlife population"?), 
or lack of context (e.g., does risk from wildlife disease charac-
terized as "high" in one location have the same meaning in 
another?). The influence of uncertainty on the choice of man-
agement actions can be profound. To communicate with pre-
cision about uncertainty is also difficult, especially when com-
munication involves stakeholders with varied backgrounds 
and who receive communication through varied channels (see 
Chapter 12 on communication). 
Two other questions related to uncertainty in conse-
quences are important to consider when making decisions 
in wildlife management. First, ask how differences in the un-
certainty of outcomes across alternatives might be addressed. 
For example, potential ways to gather more information 
(and thereby reduce uncertainty) or to mitigate the effects of 
uncertainty (for example, by undertaking incremental and 
sequenced decisions) should be explored. In some cases, the 
selection of a preferred management action may be made, at 
least in part, on the basis of whether it is sufficiently flexible 
to incorporate new information that is learned over time. 
Second, ask what the anticipated value of the information 
expected to be learned is, and whether it might change any 
aspect of managers' plans. If the answer is no, then the infor-
mation might be useful from a scientific perspective, yet less 
relevant from the standpoint of the decision at hand. 
8.2.6. Trade-offs 
Selection of a preferred alternative is based on achieving a bal-
ance among multiple, often competing, values. This usually 
involves searching for win-win outcomes and facing up to 
difficult choices when a win-win outcome is not available. 
Evaluation tools, such as consequence tables ( along with other 
supporting technical information), help to inform decisions 
with difficult trade-offs, but those devices do not "make" the 
decisions any more than science can make decisions-people 
make decisions! Decisions are made with reference to the 
underlying values and to how impacts are affected by each of 
the alternatives. 
Wildlife managers often need to address trade-offs that 
require balancing considerations of outcomes and process. 
Although it is hoped that participants in any management de-
cision agree about the likely consequences of actions (science 
plays an important role in providing reliable information), 
there is no reason to anticipate (or to seek to achieve) com-
plete agreement with respect to their values. For example, 
some hunters might feel that a local forest should be selec-
tively cut because they believe that thinning will improve the 
habitat for a selected species, and they are anxious for resource 
managers to get on with the job. Others living in the commu-
nity may believe that the desires of hunters should be balanced 
against those of other individuals who collect mushrooms or 
firewood in the same area, and who might want thinning to be 
done in a different way or at a different time or not at all. As 
a result, issues of fairness or trust in the wildlife manager or 
management decision-making process arise. Other stakehold-
ers may feel that no forest thinning should take place because 
the dense forest helps provide needed cover for Nordic ski 
trails in the area. The point is that no decision-making process 
exists whereby trade-offs either disappear or everyone ends 
up being happy. Instead, often all that wildlife managers can 
do is to develop a defensible and systematic decision-making 
process, follow it transparently, and then provide clear infor-
mation about what was decided and why. Toward this end, 
managers may want to engage stakeholders (see Chapter 11 on 
stakeholder engagement) to develop an advisory committee 
that helps define and address conflicting preferences. 
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Table 8.2. Swing-weighting data used in decisions about 
wind-tower placement 
Objective 
Minimize bird deaths 
Increase local employment 
Reduce communiry opposition 
Importance 
Best Worst ranking 
100 850 1 
25 10 3 
4 2 
Swing wt 
(normalized) 
10 (0.55) 
3 (0.17) 
5 (0.28) 
Several techniques have been developed to help clarify 
trade-offs, as discussed in Clemen and Reilly (2004) and other 
texts (von Winterfeldt and Edwards 1986). A common ap-
proach, known as swing-weighting, compares objectives in 
terms of the anticipated range in their values under all alterna-
tives (from worst to best outcomes), proposes a hypothetical 
alternative with all attributes at their worst value, and then 
asks participants to identify which attribute they would most 
like to "swing" from worst to best (Table 8.2). Pertinent in-
formation from the earlier wind-farm example is summarized 
below. First, the different effects are ranked (in this case, from 1 
to 3 in terms of importance) and then assigned "value" points, 
with 10 points awarded to the most highly valued effect and 
others valued on a ratio basis (i.e., the second most important 
effect, if valued half as much, would receive 5 points). This 
same bottom-up process is conducted for each of the attributes 
with the weights then normalized (so that all weights collec-
tively sum to 1). A top-down approach, in contrast, would ask 
participants to rank the alternatives in order of preference and 
then to assign points reflecting how much better one alterna-
tive is relative to another. Each approach has advantages and 
disadvantages. The critical lesson is that methods exist for 
comparing importance of objectives without obvious com-
monalities, which can greatly assist in the development of 
broadly supported management actions. 
Whatever weighting process is selected, participants-
whether managers within the same agency or a broad-based 
group of stakeholders-are encouraged to acknowledge and 
openly discuss trade-offs using explicit criteria for selection 
among alternatives and review options for achieving an ac-
ceptable balance across all objectives. If a decision is significant 
and multiple stakeholders are affected, managers will need to 
engage stakeholders (see Chapter 11) to ensure that choices 
made reflect an understanding of broader community or insti-
tutional values. Where consensus on a preferred alternative is 
not reached, areas of agreement and disagreement ( and the as-
sociated reasons) should be documented and this information 
passed on to decision makers. Agreement among participants 
is therefore not required, but, at minimum, managers should 
provide decision makers with a clear understanding of the 
reasons that individuals or groups might support or oppose a 
particular course of action. 
8.2.7. Learning, Iteration, and Monitoring 
The final consideration in an SDM process is to recognize 
that each decision is an opportunity to learn over time and 
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to make better decisions. This learning can be subsequently 
reflected in many ways: more accurately defining the nature 
of the problem; more precisely understanding stakeholders' 
objectives; developing new and more creative management 
alternatives; more accurate tracking of consequences; greater 
predictability of stakeholder acceptance of interventions; and 
evaluating and balancing associated trade-offs. Learning is 
often enhanced if a clear monitoring program is established 
to closely follow outcomes of greatest significance and to pro-
vide feedback to managers in a form that is readily incorpo-
rated into future planning and decision making. This is not 
easily done; it is often difficult to develop clear measures of 
outcomes that distinguish the effects of management actions 
from external developments (e.g., related to land-use changes 
or climate change), and it is not always easy to maintain flex-
ibility or adaptability within an institutional setting. Iri.'the next 
section we examine some of the successes and failures of one 
approach to learning in wildlife management, that ofadaptive 
management. 
8.3. ADAPTIVE MANAGEMENT 
The concept and term "adaptive management" (AM) is firmly 
fixed in the lexicon of wildlife management and is used with 
widespread and varied meaning (Organ et al. 2012). The con-
cept, introduced by ecologists C. S. Holling (1978), Carl Wal-
ters (1986), and others provides a systematic approach fo-
cused on learning. AM seeks to accelerate learning through 
experimentation and monitoring. Rather than downplaying 
uncertainty and only using e~sting knowledge to implement a 
single 'best" plan for ecological management, AM approaches 
explicitly recognize that uncertainty exists and propose a 
range of management alternatives to be tested and refined 
over time. In practice, AM encourages reducing uncertainty, 
thereby improving long-term performance of wildlife manage-
ment interventions. AM is linked to effective decision making. 
The U.S. Department of Interior's Technical Guide to Adaptive 
Management, for example, states that 'i\.daptive management 
is framed within the context of structured decision-making, 
with an emphasis on uncertainty about resource responses to 
management actions" (Williams et al. 2007:vii). 
AM is an attractive concept. Who would not want to learn 
and be adaptive? Implementation of a scientifically defensible 
AM approach, however, is intellectually and logistically chal-
lenging. Thus, it is not surprising that the case-list of successful 
applications remains modest. A key benefit of effective AM is 
a commitment to link learning derived from experimental tri-
als to the wildlife management decisions being made. From a 
deliberative perspective, however, implementing an AM plan 
also requires those involved in the overall decision process to 
hold realistic beliefs about the ability of the proposed AM ini-
tiatives to deliver clear results within the desired timeframe 
(Riley et al. 2003). 
Two variations of AM, passive and active, frequently are de-
scribed in the literature (Walters and Holling 1990). Both pas-
sive and active AM recognize uncertainty, and they both design 
and monitor management interventions to learn while doing 
management. Choice of approach depends on the expertise 
and other resources available to the management program. 
Preferred approach depends on the emphasis placed on learn-
ing about the system as opposed to performance or response 
of the system (how wildlife responds to management inter-
ventions). An active approach places full emphasis on learn-
ing about the system, whereas a passive approach emphasizes 
effects of management on resources and stakeholders. With a 
passive approach, the most widely practiced approach, learn-
ing is a useful product of management but not the primary 
interest. 
Passive AM typically involves using historical data and re-
search literature to develop hypotheses and a model of system 
performance to implement a preferred management action 
(see Chapter 7 for an example of a conceptual model). An al-
ternative is chosen by comparing potential responses of the 
system predicted by the model. System response to manage-
ment is then closely monitored to learn and refine the under-
lying model through time. Monitoring under this process is 
similar to normal monitoring of effectiveness. By assessing sys-
tem changes over time, the intention is to create an improved 
understanding of responses of wildlife, ecosystems, and stake-
holders. 
When practicing active AM, managers focus on reduction 
of uncertainty through the deliberate comparison of different 
alternatives. For example, consider a situation where there is 
substantial uncertainty about the relationship between flows 
within a managed river (e.g., downstream of a hydroelectric 
dam) and fish populations, which, in turn, affects the health 
of raptors and bears. A deliberate experimental comparison of 
the flows in the river might be set up to compare the effects 
on amphibian populations under flow regimes oflO cubic me-
ters per second (ems) for 3 years, 20 ems for another 3 years, 
and then (depending on how these results turn out) 5 ems for 
another period of time. In this sense, active AM is "manage-
ment by experiment" as guided by competing models of the 
environmental system. Planned manipulations of the system 
through testing a range of alternative management actions or 
treatments ( either simultaneously or sequentially) can achieve 
substantial learning, but only if accompanied by careful experi-
mental design and monitoring. 
It should be noted, however, that the cost of such treatments 
can be significant and the time required can be long, conceiv-
ably measured in decades rather than years (depending on the 
effect being addressed). As a result, it may be difficult to gain 
acceptance from participating stakeholders to conduct the 
experiment ( after all, who wants to wait a decade or more to 
learn about an important issue?) and it also may be difficult 
to maintain sufficient institutional stability (decision makers 
have limited life in an agency) to have the experiment run its 
course and for results to be subject to careful analysis (Enck 
et al. 2006). 
Active AM often is presumed to be more appealing from 
the standpoint of improving knowledge and contributing to 
the scientific (and, in turn, management) knowledge base. 
This approach, however, imposes higher opportunity costs 
because other management actions cannot be conducted si-
multaneously (due to concerns about confounding study re-
sults) and typically requires a more sophisticated experimental 
design; if this is lacking, the experiments might deliver incon-
clusive information at a relatively high price (Gregory et al. 
2006). Active AM also results in a different distribution of risks. 
Because a broader range of actions is tried, the usual result is 
that at least some of the manipulations will prove to be unsuc-
cessful and as a result some resource users or other stakehold-
ers may be upset. An active AM approach may be preferred by 
research-oriented scientists or managers, who tend to place 
a higher priority on long-term learning. Passive approaches, 
however, typically are favored by government decision makers 
and industry, which tend to place a higher priority on short-
term results and reduction of risk (Lindblom 1959). 
An adaptive approach, which promotes consideration of 
management actions as experiments, applies to the human 
dimensions of management (i.e., beliefs, attitudes, and behav-
iors), as well as to the biological and ecological dimensions. 
The adaptive part of AM refers not only to learning on the part 
of scientists and managers, but also to stakeholders learning as 
they engage in management (Enck et al. 2006). When learn-
ing is shared among scientists, managers, and stakeholders, 
greater support is gained for management actions, which re-
sults in more sustainable decisions in wildlife management. A 
variation on AM that uses stakeholder-defined impacts as the 
fundamental objective, rather than only the state of a wildlife 
population or habitat, is termed adaptive impact management 
(Riley et al. 2003). Adaptive impact management proposes that 
an essential component of any management program-adap-
tive or not-is determining fundamental objectives, in terms 
of stakeholder-identified impacts, prior to choosing enabling 
objectives that are the focus of management actions (see 
Chapter 7). 
SUMMARY 
Decision making is a skill critical to attaining success in wildlife 
management. Decisions range from small, everyday decisions 
to those that have potential to create enormous impacts (posi-
tive and negative) for stakeholders in wildlife management. 
The quality of these decisions can be improved by following a 
structured decision-making process. 
• Some people argue that more science, logic, and rational 
thinking result in better choices; yet purely rational models 
of decisions are usually flawed because they assume mana-
gers and stakeholders know precisely what they want, have 
perfect information about the management system and the 
consequences of management interventions, and that all 
relevant management options have been identified. 
• A bounded rational approach to decision making is 
introduced, which can be remembered by the acronym 
Decision Making in Wildlife Management 111 
PrOACT: Problem identification, Qbjectives, Alternatives, 
.Consequences, and Trade-offs. This structured decision-
making (SDM) process encourages rigorous analysis of 
problems and opportunities; establishment of fundamental 
objectives in terms of stakeholder-defined impacts; crea-
tion of enabling objectives to accomplish fundamental 
objectives; description of alternatives to achieve enabling 
objectives; evaluation of consequences of each alternative; 
and weighing of trade-offs of each alternative relative to the 
objectives. 
• A final component of any well-designed SDM process is 
learning through monitoring and evaluation. Although 
often overlooked, this is a vital step in the iterative process 
of management because evaluation of decisions in one 
cycle helps inform decisions in the next. 
• Whenever uncertainty exists, as it almost always does in 
wildlife management, there is no guarantee that a decision 
will lead to desired consequences. Regardless of the process 
used, reduction of uncertainty associated with decisions 
remains a key issue in wildlife management. 
• Adaptive management, practiced in its many forms, places 
a premium on reducing uncertainties through learning 
while doing management. Active adaptive management 
pursues management as an experiment with the overarch-
ing emphasis on learning (that is, reducing uncertainty) 
about wildlife resources and the effects of management 
action. Passive adaptive management follows a similar 
process, yet the chief motivation behind management is to 
understand the consequences of the decision on the ecosys-
tem and the interests of stakeholders. 
• Although decisions are often judged on the basis of 
outcomes (the quality of the consequences), decisions 
in wildlife management should be judged by the quality 
of the processes used to make the decisions. Thorough, 
inclusive, and transparent public-decision processes are 
elements of good governance. 
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